INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer, and in 2008, it was the fourth most frequent cause of cancer-related death worldwide [1] . In Korea, the incidence of CRC increased markedly between 1999 and 2008; by an average of 6.9% per year in men and 5.2% per year in women [2] .
Surgical resection is the best treatment option for patients with CRC, but tumor recurrence after resection-both local and distant-is associated with a high risk of cancer-related death. At the time of initial diagnosis, approximately two-thirds of patients with CRC undergo resection with curative intent, but 30%-50% of these patients relapse and die of their disease [3] . The majority of these recurrences occur during the first 2 years after surgery and most follow-up programs end 5 years after the primary treatment [4] [5] [6] .
The principal aim of postoperative surveillance in patients with CRC is to improve survival. The recurrence of CRC is for the most part a time-limited phenomenon, with 60%-80% of recurrences becoming apparent within the first 2 years after resection and 90% within the first 4 years [7] . Survival in cases of early recurrence has remained persistently poor [8] . Both recurrent and metastatic disease, if detected early, might be amenable to a potentially curative surgical resection and this will improve the patient's chances of survival [9, 10] . This provides rationale for the follow-up strategy in patients at high risk of early recurrence, allowing the rational use of adjuvant therapy and the implementation of intensive follow-up regimes for those at increased risk. However, there are still no uniformly accepted follow-up programs after curative resection for CRC and very few studies have sought to identify factors that predict the time of recurrence or the pattern of recurrence. Therefore, in this study, we aimed to identify factors that predict the recurrence interval and characterize the recurrence pattern after curative resection for CRC. An ability to predict the recurrence interval and pattern would allow appropriate therapeutic strategies to be devised, providing more tailored follow-up strategies for high-risk patients.
METHODS
We retrospectively reviewed 1,216 patients with stage I-III CRC who had undergone curative resection at Kyungpook National University Hospital (Daegu, Korea) between January 2000 and May 2006. Of these, 628 had primary colon cancer and 588 had primary rectal cancer. Two surgeons performed the operations in all the patients during the study period. Tumors were staged in accordance with the seventh edition of the American Joint Committee on Cancer classification [11] .
The clinical and pathological parameters included in this analysis were age, sex, preoperative levels of the tumor markers carcinoembryonic antigen (CEA) and carbohydrate antigen (CA) 19-9, primary tumor site (colon or rectum), pathology results, date of diagnosis of the recurrence, and site of recurrence. Lesions were considered colon tumors if they were located more than 15 cm from the anal verge, and rectal tumors if they were 15 cm or less from the anal verge. The adjuvant chemotherapy administered to patients with stage II or III CRC consisted of a 5-fluorouracil-based chemotherapy regimen or oral anticancer drugs (capecitabine, or fluoropyrimidine).
The standard postoperative surveillance program at our institute consists of routine follow-up at 3-month intervals for the first 2 years and at 6-month intervals thereafter, during which, a full history is obtained and a physical examination is performed. CEA and CA 19-9 levels are assayed on postoperative day 7 and at each visit after discharge. We also performed colonoscopy within 12 months following surgery and every 3 years thereafter. Chest radiography and abdominopelvic computed tomography are performed at 6 months postoperatively and then at yearly intervals. The criteria for establishing a recurrent disease included confirmation by histopathology, the presence of a palpable mass, or radiographic evidence of disease with subsequent clinical progression and supportive biochemical data, in particular increased serum CEA and CA 19-9 levels.
Recurrences were categorized as local if they were perianastomotic, and as distant if they involved the liver, lung, or other organs (e.g. para-aortic lymph nodes, peritoneum, bone, brain, or adrenal gland). Regional nodal recurrence and lateral pelvic lymph node recurrence of rectal cancer were included in the definition of local recurrence. Metachronous lesions detected during the follow-up period were not classified as tumor recurrences. The time to recurrence was determined by using the date of the follow-up visit at which tumor recurrence was discovered or by reviewing the hospital records of patients who were admitted. We defined early recurrence as that diagnosed in the first 2 years after surgery, and late recurrence as that occurring at any time thereafter.
Differences in the clinical and pathological features of early and late recurrences were analyzed using the chi-squared and Fisher exact probability test. Univariate and multivariate analyses were performed on variables influencing the recurrence interval, and for the latter, we also applied logistic regression tests. Variables with an associated P-value of less than 0.05 in univariate analysis were entered into a multivariate logistic regression model. The preoperative and postoperative status of tumor markers were related to each other, and we therefore chose the factor that had a higher odds ratio in the final multivariate model. Patient survival was analyzed using the Kaplan-Meier method, and differences between the survival curves were tested using a two-tailed log-rank test. Statistical analysis was performed using SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA); P < 0.05 was considered statistically significant.
RESULTS

Clinicopathological data
During the follow-up period, recurrent tumors were diagnosed in 222 patients (18.3%), including 97 with colon cancer (15.4%) and 125 with rectal cancer (21.3%). Of all, 158 had an early recurrence (71.2%) and 64 had a late recurrence (28.8%). In the late recurrence group, 3 patients had recurrence more than 5 years after surgery. The mean time to postoperative recurrence was 19 months (range, 2-78 months), and the median followup period was 36 months (range, 4-100 months). Details of the patients' clinicopathological findings are shown in Table 1 , with a focus on the distinctions between early and late recurrence. There were no differences in age, sex, primary tumor site, operative method, tumor size, type of histopathology, the degree of lymphatic or neural invasion, or pathological T -stage. Fifty-six patients (35.4%) in the early recurrence group received adjuvant chemotherapy, compared with 18 (28.1%) in the late recurrence group. However, there was no statistically significant difference between administration chemotherapy and the time of recurrence (P = 0.295). Amongst the colon cancer cases, high postoperative CA 19-9 level and lymph node metastasis were significantly more prevalent in the early recurrence group than in the late recurrence group (P = 0.019 and P = 0.046, respectively). An analysis of rectal cancer cases showed that elevated preoperative and postoperative CA 19-9 level and lymph node metastasis were significantly more prevalent in the early recurrence group than in the late recurrence group (P = 0.008, P = 0.036, and P = 0.029, respectively). Neoadjuvant radiotherapy was not performed in our hospital during the study period, and no patient underwent radiotherapy before surgical resection. Multivariate analysis revealed that elevated postoperative CA 19-9 level, venous invasion and advanced N stage were significantly more prevalent in the early recurrence group than in the late recurrence group (Table 2) .
Patterns of recurrence and surgical resection
Thirty-nine of the 222 patients (17.6%) had local recurrence alone, 173 patients (77.9%) had distant metastasis alone, and 10 patients (4.5%) had both local recurrence and distant metastasis. Except in those patients with both local and distant metastasis, the most common site of distant metastasis was the liver (n = 71, 34.2%), followed by the lung (n = 55, 25.0%), peritoneum (n = 23, 10.4%), and other organs (n = 24, 12.2%). Other sites of metastasis included the para-aortic lymph nodes (n = 13), bone (n = 2), brain (n = 3), adrenal gland (n = 1), and multipleorgans (n = 5).
The patterns of recurrence in the early and late recurrence groups are shown in Table 3 . In the early recurrence group, tumors most frequently recurred in the liver. The sites at which tumors recurred differed between the early recurrence and late recurrence groups, with late recurrences developing more frequently in the lung or locally. In the late recurrence group, 3 patients had recurrence in the lung more than 5 years after curative surgery. Recurrent or metastatic lesions were more frequently resectable in the late recurrence group than in the early recurrence groups (54.7% vs. 38.0%, respectively; P = 0.023) ( Table 3 ). A total of 48 patients (80%) in the early recurrence group and 28 patients (80%) in the late recurrence group underwent R0 resection. Table 4 details the site of recurrence with respect to the location of primary tumor in the early and late recurrence groups. Except for patients with both local recurrence and distant metastasis, the liver was the most common site of metastasis in both groups of patients with colon cancer, but there was a higher incidence of lung recurrence in the late recurrence group. In patients with rectal cancer, the liver was the most common site of early recurrence (n = 34, 41.0%), whereas late recurrence occurred frequently both locally (n = 12, 36.4%) and in the lung (n = 13, 39.4%).
Recurrence interval and overall survival
With a minimum follow-up time of 5 years for survivors, the median survival times (from operation to death) in the early and late recurrence groups were 32 and 77 months, respectively. The 5-year survival rate of patients who had early recurrence (34.7%) was worse than that for those with late recurrence (78.8%). The 5-year overall survival rate was significantly lower in the early recurrence group than in the late recurrence group (Fig. 1A) (P < 0.001). Considering overall survival after recurrence, in the late recurrence group, the 1-, 2-and 3-year overall survival rates were 84.4%, 70.3%, and 58.3%, respectively, which were significantly better than those in the early recurrence group (64.3%, 44.2%, and 37.6%, respectively; P = 0.003) (Fig. 1B) . In patients who underwent repeated resections of metastatic lesions, there was no significant difference in overall survival regardless of the recurrence interval (Fig. 1C) (P = 0.791).
DISCUSSION
Recurrence after curative surgery in patients with CRC remains a major clinical problem. Reaching a consensus on the best treatment strategy has been made more difficult, however, because the definitions of early and late recurrence vary between studies. Thus, while some studies have defined early recurrence as being within the first 2 years after surgery, others have defined it as being within the first year or within the first 3 years after curative surgery [12] [13] [14] [15] . A number of these studies analyzed risk factors associated with recurrence or the survival period after recurrence. Approximately 60%-80% of recurrences develop within the first 2 years after surgery and cases of recurrence 5 years after surgery are rare [7, 16] . In concurrence with previous studies, most of the 158 patients (71.2%) showed recurrence within the first 2 years after surgery; 39 patients (17.6%), 2-3 years after surgery; and 25 patients (11.3%), more than 3 years after surgery. Only 3 patients (0.01%) showed recurrence more than 5 years after curative surgery. Therefore, we defined early recurrence as that occurring within the first 2 years after curative surgery and late recurrence as that occurring 2 years or more after curative surgery.
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improve survival rates in patients with CRC after curative resection, as this would allow early detection and treatment.
Previous studies have identified a number of factors including tumor stage, depth of invasion, the degree of vascular or perineural invasion, and serum levels of CEA and CA 19-9 as having statistically significant association with CRC recurrence [14, 15, 17] . Using these factors as predictors of the recurrence interval could further help in identifying high-risk patients and in making decisions regarding postoperative therapy. In our study, a short recurrence interval was associated with a high postoperative CA 19-9 level, venous invasion, and advanced N stage of primary tumor. Serum CEA and CA 19-9 levels are commonly used as tumor markers for patients with CRC. After curative resection, such preoperative tumor markers are important prognostic factors, and increase in their levels during the follow-up period is suggestive of a recurrence of cancer [18] [19] [20] . A previous study from our institution reported that high serum CEA and CA 19-9 levels measured preoperatively and at follow-up after curative resection were prognostic factors for CRC [21] . However, these tumor markers have not been evaluated in relation to the recurrence interval. Several previous studies found that postoperative CEA elevation has been reported to be greater for liver metastasis. Recently, CA 19-9 was suggested to be related to peritoneal recurrence [22] . In our study, both liver and peritoneal recurrence occurred prominently in the early recurrence group. The impact of CA 19-9 on early recurrence might be affected in patients with peritoneal recurrence. The presence of CA19-9 in tumors was reportedly related to tumor cell adhesion [23] . However, this information does not fully explain our results, and further studies are required to delineate the underlying mechanism and role of CA 19-9 in CRC. In addition to serum markers, the depth of wall invasion by the primary tumor has also been reported to be an important prognostic factor. Several studies reported that adjacent organ involvement and depth of tumor invasion were significant prognostic factors for postoperative recurrence and survival rate in patients with CRC undergoing curative resection, although another retrospective study reported that the depth of invasion was not significant in predicting postoperative early recurrence in such patients [13, 14, 24] . Our results concurred with this latter study in that tumor depth was not significantly different between cases of early and late recurrence. We also found that adjacent organ involvement and the depth of tumor invasion were not predictive factors for early recurrence. Our results, however, show that venous invasion and lymph node metastasis are more important than tumor depth with respect to predicting the recurrence interval.
The relationship between the recurrence interval and the use of adjuvant therapy remains unclear [8, 25, 26] . An independent prognostic factor for early recurrence (i.e. within a 1 year of curative surgery) has been found to be the lack of adjuvant chemotherapy for patients with stage III tumors [26] . However, this was not the case in another study, even after adjusting for the initial tumor stage, and similarly, in our study, adjuvant chemotherapy was not predictive of the recurrence interval [8] .
Several studies reported the different distribution of recurrent organs according to the time of recurrence [12] [13] [14] . A retrospective study of postoperative patients with colon and rectal cancer showed that the liver was the most common site of early recurrence and that local recurrence was more common in patients with rectal cancer than in those with colon cancer [14] . Cho et al. [12] reported that liver metastases occurred more frequent in patients with early recurrence, whereas lung metastases occurred more frequently in cases of late recurrence. Similarly, Aghili et al. [13] reported that the liver was the main site of early recurrence, although the late recurrence group more frequently had recurrence in the bone and peritoneum. In our study, the pattern of recurrence also differed between the early and late recurrence groups, with the liver being the most common site of early recurrence, whereas tumors that recurred late were more commonly either local or in the lung, and the latter finding was more prominent in patients with rectal cancer. Taken together, these findings indicate that patients should be monitored carefully for lung metastases during the late period of postoperative surveillance.
We found that both the 5-year overall survival rate and survival after recurrence were significantly lower in patients with an early recurrence of CRC than in those with late recurrence. In the early recurrence group, the survival of patients who underwent repeat resection did not differ significantly from the survival of those in the late recurrence group. This concurs with a previous study; in that, when patients can undergo curative resection for relapse, they receive a survival benefit regardless of the timing of relapse [27] . However, repeated resection for recurrence was feasible in only 38.0% of patients in the early recurrence group in our study, a rate that was lower than that in the late recurrence group. Thus, current clinical evaluations are not sufficient to diagnose recurrence at an early stage. Many studies have evaluated the efficacy of molecular markers or circulating tumor cells in detecting CRC recurrence [28, 29] . However, to date, there have been no well-definite studies to find markers of early stage recurrence and further studies are warranted to optimize tailored follow-up surveillance regimens and to provide earlier detection of recurrence in at-risk patients.
As with most retrospective studies, a number of limitations need to be considered. Patients were enrolled from a single institution, and the data was retrospectively reviewed. Although these limitations are inevitable, this study analyzed data for patients who were followed up for at least five years after primary surgical resection. We, therefore, do not believe that these limitations detract from the importance of this study highlighting the presence of clinically different behavior between early and late recurrence. Unlike in colon cancer, neoadjuvant radiotherapy is an important therapy for the control of rectal cancer that can affect its recurrence pattern [30] . However, our study cannot analyze this point because no patient in this study underwent neoadjuvant radiotherapy prior to surgical resection. Since neoadjuvant radiotherapy is now widely used for advanced rectal cancer, further studies are required to elucidate this issue. Finally, because we have already performed intensive surveillance during the initial 2 years after surgical resection, we cannot define an adequate followup schedule. However, this study suggested that CA19-9 should be added for surveillance and that patients with risk factors for early recurrence should be followed up more intensively for the first 2 years than in the subsequent 3 years.
In conclusion, we found that the recurrence interval of CRC is a prognostic factor, and that a shorter interval between resection and recurrence of the primary tumor was associated with a poorer prognosis. Patients at high risk of early recurrence, such as those with an elevated postoperative CA 19-9, venous invasion of tumor, or an advanced N stage, should have more intensive follow-up. Intriguingly, in patients who underwent repeated resection of metastatic lesions, there was no significant difference in overall survival after recurrence, regardless of the recurrence interval. Therefore, close followup including CA19-9 is important for the earlier detection of recurrence and complete resection of recurrent disease provides a significant chance for cure in a subset of patients. Moreover, surveillance for local and pulmonary metastases is important for late follow-up surveillance.
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